Control of a pneumatic actuator system using enhanced nonlinear proportional integral derivative controller algorithm by Syed Salim, Syed Najib
CONTROL OF A PNEUMATIC ACTUATOR SYSTEM USING ENHANCED
NONLINEAR PROPORTIONAL INTEGRAL DERIVATIVE CONTROLLER
ALGORITHM
SYED NAJIB BIN SYED SALIM
UNIVERSITI TEKNOLOGI MALAYSIA
CONTROL OF A PNEUMATIC ACTUATOR SYSTEM USING ENHANCED
NONLINEAR PROPORTIONAL INTEGRAL DERIVATIVE CONTROLLER
ALGORITHM
SYED NAJIB BIN SYED SALIM
A thesis submitted in fulfilment of the
requirements for the award of the degree of
Doctor of Philosophy (Electrical Engineering)




To my beloved family
iv
ACKNOWLEDGEMENT
Praise to the Almighty..
First of all, thanks to Allah s.w.t for the continuous blessing and for giving me
the strength and chances in completing this thesis. I would like to express my sincere
gratitude especially to my supervisor, Prof Dr Mohd Fua’ad Rahmat for offering me
excellent guidance and encouragement during the course of this work. My thanks also
goes to my co-supervisor Ir. Dr Ahmad ’Athif Bin Mohd Faudzi and Ir. Dr Zool Hilmi
Bin Ismail, for all support and encouragement they gave during this work.
Special acknowledgement also goes to the Ministry of Higher Education
Malaysia, Universiti Teknikal Malaysia Melaka (UTeM) and Universiti Teknologi
Malaysia (UTM) for the financial support during my research years. Appreciation
also goes to Mr. Ahmad Ismail, director of ACIS TECHNOLOGY SDN BHD for
the technical assistance provided. I would like also to sincerely thank my colleagues
Prof Mohamad Rom, Prof Madya Mohd Ariff, Dr Zikri Abadi, Dr Rozaimi, Dr
Shamsul Anuar, Ir. Dr Lokman, Dr Sahazati, Dr Aliza, Noorhazirah, Sharatul
Izzah, Khairuddin, Ismail, Khairul Anuar, Imran, Zulfatman, Ling Tiew Gine, Fazlul
Rahman, Irma Wani, Muhammad Nizam, Ahmad Idil, Maslan, Ahmad Aizan, Mohd
Faizal, Hasrul and Mazree for being such a wonderful friend.
Finally, my greatest gratitude goes to my mother, Rohani binti Salim; wife,
Zain binti Retas; daughter, Sharifah Khadijah; and sons, Syed Muhammad, Syed
Yusuf, Syed Ismail and Syed Musa. Thanks for your considerate care.
Syed Najib Syed Salim, Skudai
vABSTRACT
Pneumatic actuators offer several advantages such as low cost, simple to
maintain, high power to weight ratio, fast motion, free from overheating and reliable.
Due to these advantages, this actuator continues to generate significant research
interests and it has been promoted as an alternative to hydraulics and electric servo
motors in many automated tasks. However, it exhibits high nonlinearities due to
high friction forces, compressibility of air and dead band of the spool movement in
the valve. These nonlinearities make an accurate position difficult to achieve and it
requires an appropriate controller for better performance. This thesis presents a new
approach to control the pneumatic positioning system. The mathematical modeling is
a crucial part to be established before the control algorithm can be designed. Initially,
the modeling of the system is presented based on physical derivation. The parameters
of the system are identified, and comparison between system identification by means
of the MATLAB software is performed. The result obtained from the modeling process
is validated with experimental data. Subsequently, two new controller techniques are
proposed based on the enhancement of the Nonlinear Proportional Integral Derivative
(N-PID) controller. The first technique is called Multi-rate Nonlinear PID (MN-PID),
which is performed by utilizing the characteristics of rate variation in nonlinear gain.
Fuzzy logic is used to perform this task. Meanwhile, for the second technique, a
Self-regulation  Nonlinear (SN) function,  is  introduced  to reprocess  the error signal
to continuously generate the values for rate variation. The proposed controllers are
implemented to the system, and their performances are analyzed for both cases, with
and without load. Simulation and experimental tests are conducted with different input,
namely step, multistep, sinusoidal and S-curve waveforms to evaluate the performance
of the proposed techniques. The existing techniques that include PID, N-PID, and
Sliding Mode Control (SMC) are also tested to the system as a comparison. The
results  indicate that the system  with MN-PID and SN-PID  exhibits  improvement of
dynamic performance criterion exceeding 34% and 59%, respectively. In addition,
both techniques succesfully provide fast response without overshoot where the rise
time reduces more than 87%. It proves that the novel initiative is capable of examining
and identifying the characteristics of rate variation based on a new controller that was
derived from N-PID controller. Moreover, the system performance is successfully
accomplished for each position and direction as well as under various loads.
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ABSTRAK
Penggerak pneumatik menawarkan beberapa kelebihan seperti murah, mudah
diselenggara, berkuasa tinggi terhadap nisbah berat, pantas, bebas lampau panas
dan tahan lasak. Dengan kelebihan ini, penggerak ini terus mendapat perhatian
dalam penyelidikan yang signifikan dan ia merupakan alternatif kepada hidraulik dan
motor servo elektrik dalam kerja-kerja pengautomatan. Namun, ia mempamerkan
ketaklelurusan yang tinggi disebabkan daya geseran yang tinggi, mampatan udara dan
jalur-mati pergerakan kili dalam injap. Ketaklelurusan ini menyukarkan kedudukan
yang tepat dicapai dan memerlukan pengawal yang sesuai untuk prestasi yang
lebih baik. Tesis ini membentangkan pendekatan baru untuk mengawal sistem
kedudukan pneumatik. Permodelan matematik adalah perkara utama yang perlu
dibuat sebelum pengawal dapat direkabentuk. Mulanya, pemodelan sistem diperolehi
berdasarkan  terbitan  fizikal.  Parameter-parameter bagi  sistem  ini  dikenalpasti  dan
perbandingan dengan teknik pengenalpastian sistem dilaksanakan melalui perisian
MATLAB. Keputusan yang diperolehi disahkan dengan data amali. Seterusnya,
dua teknik pengawal baru dicadangkan melalui penambahbaikan terhadap pengawal
Tak lelurus Berkadar Kamiran Terbitan (N-PID). Teknik pertama dipanggil pengawal
Pelbagai  Kadar Tak lelurus PID (MN-PID),  dilaksana  menggunakan  ciri-ciri  kadar
variasi   yang  terdapat   dalam  gandaan   tak lelurus.  Logik  kabur  digunakan  untuk
melaksanakan tugas ini. Manakala, untuk teknik yang kedua, Fungsi Pengaturan-
kendiri Tak lelurus (SN)  diperkenalkan untuk  memproses  semula  isyarat  ralat bagi
menjana kadar variasi. Pengawal-pengawal yang dicadangkan ini dilaksanakan pada
sistem dan prestasi bagi kes tanpa beban dan dengan beban dianalisa. Ujian simulasi
dan amali dijalankan dengan masukan yang berbeza iaitu isyarat langkah, pelbagai
langkah, sinusoidal dan lengkuk-S bagi menilai prestasi. Teknik-teknik yang sedia
ada  termasuk  PID, N-PID dan Kawalan Ragam Lincir (SMC)  juga diuji pada sistem
sebagai perbandingan.  Keputusan menunjukkan sistem dengan MN-PID dan SN-PID
mempamerkan peningkatan kriteria prestasi dinamik masing-masing melebihi 34%
dan 59%. Selain itu, kedua-dua teknik berjaya mengurangkan masa menaik melebihi
87%. Ia membuktikan inisiatif baru ini mampu memeriksa dan mengenalpasti ciri-ciri
kadar variasi berdasarkan pengawal baru yang telah diterbitkan dari pengawal N-PID.
Selain itu, prestasi sistem berjaya dicapai untuk setiap kedudukan dan arah serta bagi
sistem di bawah beban yang berbeza-beza.
